I N T R O D U C T I O N
Previous studies from our group Hamel et al, 1978) have indicated that some patients with Friedreich's Ataxia have elevated levels of unconjugated plasma bilirubin, indicating possible liver implication in the disease. This finding has been confirmed by Campanella et al, (1980) in Southern Italy but not by Walker et al, (1980) in England. One hypothesis presented (Morgan et al, 1979) involved the observed increased formation of erythrocyte protoporphyrins by these patients. A possible clue to t h i s p r o b l e m w a s r e c e n t l y f o r t u i t o u s l y o b t a i n e d w h i l e investigating the profile of a-keto acids in blood and urine of patients with Friedreich's Ataxia (Bertrand et al, this issue, 1982) . It was noticed that the urinary concentration of hippuric acid, a minor constituent in normal urines, was considerably decreased in ataxic patients (mean of 163.4 mg/1 in patients versus mean of 298.5 mg/1 in normal control subjects).
Hippuric acid is formed from the conjugation of benzoic acid with glycine in the liver. In 1936, Quick recommended the estimation of hippuric acid excreted in the urine after the ingestion of benzoic acid as a test of liver function. This test is probably the most practical to evaluate the ability of the liver to detoxify or conjugate, although it is rarely performed these days. We proposed to use this test to obtain some general information on the f o r m a t i o n of h i p p u r i c acid in Friedreich's Ataxia, and possibly on the mechanisms of conjugation in that disorder. Geoffroy et al, (1976) and to 8 normal control subjects. Four of the patients were from the Rimouski isolate previously described (Bouchard et al, 1979) , while the others were from Montreal. There were 6 men and 6 women; average age 26.8 yrs. The normal controls were from laboratory personnel and consisted of 4 men and 4 women; average age 25.2 yrs. The test was carried out in the following manner after obtaining informed consent: the overnight fasting subject first empties his bladder and then he/she is given 6.0 g Na benzoate dissolved in about 200 ml of water. The urine is collected for a 4 hour period and determination of hippuric acid immediately carried out. The data are expressed in terms of sodium benzoate.
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RESULTS
The results of this simple test are given in Table 1 . It can be seen that the excretion of hippuric acid, expressed as benzoic acid, is markedly decreased in the patients with Friedreich's Ataxia compared to normal control subjects. O n l y 2 of t h e p a t i e n t s had concentrations slightly above the lowest value obtained in the controls. It is noteworthy that the only control subject excreting less than 3.0 g of hippuric acid determined as benzoic acid had suffered from hepatitis 6 months previously. The difference between the two groups was highly significant (t = 5.39, p<0.001) by Student's unpaired t test.
DISCUSSION
The results of the present study, which indicates that hippuric acid is not formed in normal quantity over a 4 hour period following ingestion of 6.0 g of Sodium benzoate, confirm the preliminary observation made by Bertrand et al, (1982, this issue) in the course of a general profiling of a-keto acids in Friedreich's Ataxia. As stated above, hippuric acid is formed from the conjugation of benzoic acid with the amino-acid glycine. This is a two step process: first benzoic acid reacts with coenzyme A (CoA) in the presence of Mg++, and ATP to be "activated" into benzoyl S CoA by the action of a CoA ligase, probably within the endoplasmic reticulum. This activated benzoylCoA then conjugates with glycine, probably within lysosomes, to give hippuric acid. This step is favoured by an N-acyl transferase, possibly specific for phenolic acids.
The steps described for benzoic acid are essentially similar to those known to regulate the formation of taurocholate and glycocholate: cholic acid, formed from the cholesterol moiety, is first activated in the endoplasmic reticulum by cholate: CoA ligase (EC 6.2.17) to form the coenzyme thioester cholyl-S-CoA (better called Bile acylCoA to account for activation of the other bile acids). This reaction necessitates Mg + + , ATP, CoA, and NAD. The next step of the reaction is catalyzed by the enzyme bile-acidCoA: amino acid N-acyltransferase (EC 2.3.1). Contrary to previous beliefs, Killenberg and Jordan (1978) were able to show that this enzyme is the same for the conjugation of glycine and of taurine, but that its affinity for the respective amino acids probably varies between species. When benzoic acid enters the body it is, in the main, combined with glycine to form hippuric acid, but a fraction of the benzoate is conjugated with glucuronic acid and excreted in the urine. This fraction tends to increase significantly when hippuric acid formation is somewhat impaired.
Conjugation with glucuronic acid relative to glycine increases with large doses of benzoic acid or in the presence of liver disease. Quick's hippuric acid test is thus mainly a measure of the capacity of the liver to synthesize glycine, or of the availability of that amino acid for conjugation. It is also a measure of the enzymatic mechanism (enzyme and co-factors) which unites benzoic acid with aminoacetic acid. All of these variables must be studied before interpretations can be given for our observation of low hippuric acid formation in Friedreich's Ataxia: a) Availability of substrates. There are two specific substrates for hippuric acid formation: benzoic acid and glycine. Benzoic acid is given in high concentrations (in our study 6.0 g were given orally), but its concentration within the liver is hypothetical because of the unknowns of intestinal
218-MAY 1982
Quebec Cooperative Study of Friedreich's A taxia absorption and portal transport. In view of the massive dose, we can safely deduce that a significant portion of the load reaches the liver in a bolus of such magnitude that it dwarfs all other substrates that could be available to the enzymes. For its parts, glycine is the most abundant metabolic amino acid present in the liver. It occurs generally in the body and is transported to the liver by the blood from defined pools. A deficiency in glycine as a substrate is hard to imagine, but cannot be ruled out. Indeed glycine concentrations were found to be significantly but minimally decreased in plasma from patients with Friedreich's Ataxia while urine levels were normal . We have no information relating to glycine synthesis in that disorder.
b) Co-factor availability. The availability of two main trace co-factors, M g + + and NAD, has not been specifically studied in Friedreich's Ataxia. However there is some evidence that both CoA and ATP availability may be somewhat impaired in that disease. Co-enzyme A is formed in a series of reactions from the free vitamin panthothenic acid. Although determinations of the concentration of that vitamin in Friedreich's Ataxia appeared to be normal, it must be recalled that in swine, panthothenic acid deficiency produces lesions in the dorsal root ganglia and the posterior columns of the cord almost identical to what is seen in Friedreich's Ataxia (see Barbeau, 1979) . The evidence in favour of a defect in the availability of ATP, which compound is necessary for the "activation" of benzoic acid, is much stronger. In fact, ATP is the most important known donor of energy in the conjugation reaction. As reviewed by Barbeau (1980) , there is a wealth of information indicative of a deficient energy production within the mitochondria in that disorder. The recent polarographic data of Stumpf et al (1982) are also evidence for uncoupled phosphorylation in these patients. c) Enzyme availability. No data has yet been obtained concerning this important point. However it must be mentioned that total activity of the acyltransferase will be dependant upon product inhibition, on the one hand, and substrate competition, on the other. Concerning this latter point, little of consequence is known. By analogy we can recall that in rats the affinity of the enzyme for taurine is 40 times higher than for glycine (Killenberg and Jordan, 1978) . The situation in man has not been examined, but it is known that supplements of glycine will not modify the glycine/taurine (G/T) ratio of bile acid conjugates, while the slightest addition of dietary taurine will lower significantly the G/T ratio in the bile (Sjovall, 1959; Truswell et al, 1965) . Thus a significant increase in taurine availability (from diet, uptake defects, or synthesis) in the liver could tip the conjugation mechanism towards tauroconjugates with a relative decrease in glycine conjugation. It is of great interest that in preliminary experiments with Dr. Claude C. Roy, we were able to show an abnormal G/T ratio in the bile of three ataxic patients (ratio values: 1.5:1, 1.0:1, 1.0:1 respectively as opposed to a normal ratio of 3.2:1). Thus a relative increase in the formation of tauroconjugates may well be present in Friedreich's Ataxia, and could consequently reduce affinity of the conjugating enzymes for glycine. (Gottfries et al, 1966) .
A final possibility exists to account for a postulated increased availability or input of taurine as a substrate in the liver of patients with Friedreich's Ataxia. Evidence reviewed elsewhere in this issue indicates that taurine is lost in the urine of these patients (possibly through a block in the high affinity taurine reuptake mechanism in the tubules). 70% of the body taurine stores are in muscles, including the heart, but most of the synthesis of taurine even if minimal in man takes place in the liver, from cysteic acid (for reviews see Huxtable and Barbeau, 1975; Barbeau and Huxtable, 1978) . In the face of the postulated muscle deficiency in taurine, and without increased taurine ingestion, it is expected that taurine synthesis would be increased as a compensatory mechanism. This would be even more so if the reuptake defect found in the tubules (see Barbeau et al, 1982 , this issue) were also present in the intestinal wall brush border membrane, thus interfering with the entero-hepatic circulation and reuptake of the tauroconjugates (Hofmann, 1976) . In this situation there should be an increase in taurine synthesis in the liver (Gottfries et al, 1966) .
With such an increase in local synthesis, the immediate availability of taurine for conjugation in the liver would be greater, again favouring a lowered G/T radio (which was indeed observed) and a relative decrease in availability of the enzyme for glycine conjugation, including to benzoic acid during the test.
In conclusion, we have observed a markedly decreased formation of hippuric acid (from benzoic acid plus glycine) in Friedreich's Ataxia. Since tauro-conjugation appears to be normal, or even hyperactive, in these patients, it is unlikely that co-factor or enzyme unavailability are the major culprits. We would tend to regard competition for, or a favoured affinity of the available enzymes for the taurine s u b s t r a t e ( d u e to i n c r e a s e d concentrations of taurine as substraste in liver cells, or to changes in affinity constants?) as the probable cause of the relative decrease in glycine conjugation. This would be reflected in impaired hippuric acid formation. At any rate events occurring in the liver should receive much closer attention in the future, in Friedreich's Ataxia. Moreover, to the extent that it is increased in chronic liver disease, urinary taurine may reflect the amount of taurine available for conjugation in the liver. Higher concentrations of taurine in the urine should thus accompany lowered G/T ratios in the bile, as was noted in the present study.
